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THIN-FILM MAGNETIC HEAD HAVING MAGNETIC GAP FORMED OF NiP 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to thin- film magnetic 
recording heads used as floating magnetic heads and the like. 
In particular, the present invention relates to a thin-film 
magnetic head which generates a leakage magnetic flux at a 
proper position and meets trends toward higher density and 
higher recording frequencies and to a method for making the 
same. 

2 . Description of the Related Art 

^ Fig. 17 is a partial front view of a structure of a 

conventional thin-film magnetic head (an inductive head). 

Q The thin-film magnetic head has a lower core layer 1 formed 

O of a magnetic material, such as permalloy, and an insulating 

Q layer 9 formed on the lower core layer 1. 

The insulating layer 9 has a groove 9a which extends 
from a face opposing a recording medium (hereinafter, 
referred to as an air bearing surface or ABS) in the height 
direction (the Y direction in the drawing) and has an inner 
width equal to the track width Tw. 

A lower magnetic pole layer 3 which is magnetically 
coupled with the lower core layer 1 , a gap layer 4 , and an 
upper magnetic pole layer 5 which is magnetically coupled 
with the substrate holder 6 are formed by plating from the 
bottom of the groove 9a. 
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A coil layer having a spiral pattern (not shown in the 

drawing) is provided on the insulating layer 9 in the height 

direction (the Y direction in the drawing). 

The coil layer is covered by a coil insulating layer 

(not shown in the drawing) such as a resist layer, and the 

coil insulating layer is covered by an upper core layer 6 . 

The edge of the upper core layer 6 is magnetically coupled 

with the upper magnetic pole layer 5 . 

In the production of the inductive head shown in Fig. 

17, the insulating layer 9 is formed on the lower core layer 
J: 1 , and then the groove 9a extending from the ABS and having 

J*} the track width Tw and a predetermined length in the height 

J1 direction is formed in the insulating layer 9. 
yi Next, the lower magnetic pole layer 3, the gap layer 4, 

S3 and the upper magnetic pole layer 5 are formed in the groove 

m 

Q 9a by plating. The coil layer is formed on the insulating 

O layer 9 behind the groove 9a in the Y direction by 

patterning. The coil layer is covered with the coil 
insulating layer, and then the upper core layer 6 is formed 
over the upper magnetic pole layer 5 and the coil insulating 
layer by a frame plating process to complete the inductive 
head shown in Fig. 17. 

In this inductive head, a recording current flowing in 
the coil layer induces a recording magnetic field in the 
lower core layer 1 and the upper core layer 6 . A leakage 
magnetic field generated between the lower magnetic pole 
layer 3 magnetically coupled with the lower core layer 1 and 
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the upper magnetic pole layer 5 magnetically coupled with 
the upper core layer 6 is recorded as magnetic signals on a 
recording medium such as a hard disk. 

In this inductive head, the lower magnetic pole layer 3, 
the gap layer 4, and the upper magnetic pole layer 5 having 
the track width Tw are locally formed in the vicinity of the 
ABS (the face opposing the recording medium) . Such an 
inductive head is suitable for narrower track widths. 

However, almost no studies on forming a gap layer not 
having magnetism of a thin-film magnetic head by plating 
have been performed in consideration of various conditions 
including the composition of a metallic material to be used. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
thin-film magnetic head which has a nonmagnetic gap layer of 
a specified metallic material composition and which 
effectively generates a leakage magnetic field and to 
provide a method for making the thin-film magnetic head. 

A thin- film magnetic head in accordance with the 
present invention comprises a lower core layer, a gap layer 
formed directly on the lower core layer or on a lower 
magnetic pole layer provided on the lower core layer, and an 
upper core layer formed directly on the gap layer or on an 
upper magnetic pole layer defining a track width provided on 
the gap layer, wherein the gap layer comprises NiP, the P 
content of the NiP being in the range of 11 mass percent to 
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14 mass percent. 

If the P content of the NiP of the gap layer is in the 
range of 11 mass percent to 14 mass percent, the gap layer 
is nonmagnetic in an unheated state. 

Preferably, the P content of the NiP is in the range of 
12.5 mass percent to 14 mass percent. In such a case, the 
gap layer is nonmagnetic even when the gap layer is heated 
to 200° C or more. 

When the metallic NiP is used in the gap layer, the 
lower magnetic pole layer, the gap layer, and the upper 
magnetic pole layer can be continuously formed by plating, 
significantly simplifying the production process of the 
thin -film magnetic head. 

The gap layer must be nonmagnetic. If the gap layer 
has magnetism, a magnetic flux flowing in the lower magnetic 
pole layer and the upper magnetic pole layer permeates the 
gap layer, so that no leakage magnetic field is generated 
between the lower magnetic pole layer and the upper magnetic 
pole layer. 

Accordingly, a leakage magnetic field is effectively 
generated in the vicinity of the gap layer in the present 
invention . 

The present invention also relates to a method for 
making a thin-film magnetic head comprising a lower core 
layer comprising a magnetic material and an upper core layer 
comprising a magnetic material opposing the lower core layer 
provided with a gap layer therebetween . The method 


• 


comprises the steps of: 

(a) forming the lower core layer by plating; 

(b) forming the gap layer directly on the lower core 
layer, or forming a lower magnetic pole layer on the lower 
core layer and then the gap layer on the lower magnetic pole 
layer by plating; and 

(c) forming the upper core layer directly on the gap 
layer or forming an upper magnetic pole layer on the gap 
layer and then the upper core layer on the upper magnetic 
pole layer by plating; 

wherein the gap layer is formed using NiP having a P 
content in the range of 11 mass percent to 14 mass percent. 

Preferably, the P content of the NiP is in the range of 
12.5 mass percent to 14 mass percent. 

Preferably, at least the lower magnetic pole layer is 
formed by an electrolytic plating process using a pulsed 
current . 

When a DC current is used for the formation of the 
lower magnetic pole layer by plating, the surface of the 
lower magnetic pole layer formed may be curved or scorched. 
Also the gap layer formed thereon may be curved. 

When the lower magnetic pole layer is formed by an 
electrolytic plating process using a pulsed current, the 
total charge supply (current) can be reduced while the 
charge supply per second is maximized during the formation 
of the lower magnetic pole layer.. Thus, the supplied pulsed 
current is large enough that the current density in the 
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groove is uniform, but does not scorch the lower magnetic 
pole layer during the plating. 

Accordingly, the resulting lower magnetic pole layer 
and the gap layer do not have curved surfaces and thus 
exhibit high quality. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a front view of a thin- film magnetic head in 
accordance with a first embodiment of the present invention; 

Fig. 2 is a partial cross -sectional view taken from 
line II-II in Fig. 1; 

Fig. 3 is a partial cross-sectional view of a thin-film 
magnetic head in accordance with a second embodiment of the 
present invention ; 

Fig. 4 is a partial cross-sectional view of a thin-film 
S magnetic head in accordance with a third embodiment of the 
O present invention ; 

Fig. 5 is a partial cross-sectional view of a thin-film 
magnetic head in accordance with a fourth embodiment of the 
present invention ; 

Fig. 6 shows a step of a method for making the thin- 
film magnetic head shown in Figs. 1 and 2; 

Fig. 7 shows a step subsequent to the step shown in Fig, 

6; 

Fig. 8 shows a step subsequent to the step shown in Fig 

7; 

Fig. 9 shows a step subsequent to the step shown in Fig 


O 
LP 
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8; 

Fig. 10 shows a step subsequent to the step shown in 
Fig. 9; 

Fig. 11 shows a step subsequent to the step shown in 
Fig. 10; 

Fig. 12 shows a step in accordance with another 
embodiment of the method for making the thin-film magnetic 
head ; 

Fig. 13 shows a step subsequent to the step shown in 
Fig. 12; 

Fig. 14 shows a step subsequent to the step shown in 
Fig. 13; 

Fig. 15 shows a step subsequent to the step shown in 
Fig. 14; 

Fig. 16 is a graph illustrating the relationship 
between the P content in NiP and the saturation magnetic 
flux density of the NiP; and 

Fig. 17 is a partial front view of a conventional thin- 
film magnetic head. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 shows a thin-film magnetic head in accordance 
with the present invention. This thin-film magnetic head is 
an inductive recording head. A read head (magnetoresistive 
head = MR head) having a magnetoresistive effect may be 
provided below the inductive head in the present invention. 
The inductive head has a lower core layer 20 formed of a 
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magnetic material such as permalloy. When the read head is 
formed below the lower core layer 20, a shielding layer may 
be provided in addition to the lower core layer 20 to 
protect the magnetoresistive element from noise, or the 
lower core layer 20 may be used as an upper shielding layer 
of the read head without providing a separate shielding 
layer . 

As shown in Fig. 1, insulating layers 23 are formed on 
both sides of the lower core layer 20. Upper faces 20a of 
the lower core layer 20 extend from both base ends of, a 
lower magnetic pole layer 21 in the X direction. The upper 
faces 20a may be horizontal (parallel to the track width 
direction). Alternatively, the lower core layer 20 may have 
upper faces 20b which slant downward instead of the upper 
faces 20a which extend horizontally. The slanting upper 
faces 20b reduce the generation of side fringing. 

With reference to Figs. 1 and 2, a recording core 24 is 
formed on the lower core layer 20 so as to be exposed at a 
face opposing a recording medium. In this embodiment, the 
recording core 24 defines the track width Tw. The track 
width Tw is preferably 0.7 nm or less and more preferably 
0.5 nm or less. 

In this embodiment, the recording core 2 4 is a triple - 
layer laminate of the lower magnetic pole layer 21, a gap 
layer 22, and an upper magnetic pole layer 35. The lower 
magnetic pole layer 21, the bottommost layer of the 
recording core 24, is formed on a plating underlayer 25 
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provided on the lower core layer 20. The lower magnetic 
pole layer 21 is magnetically coupled with the lower core 
layer 20. The lower magnetic pole layer 21 and the lower 
core layer 20 may be composed of the same material or 
different materials. The lower magnetic pole layer 21 may 
have a single-layer or multiple-layer configuration. The 
height of the lower magnetic pole layer 21 is, for example, 
approximately 0.3 \xm . 

The nonmagnetic gap layer 22 is formed on the lower 
magnetic pole layer 21. The gap layer 22 is formed on the 
lower magnetic pole layer 21 by plating using a nonmagnetic 
metallic material. In the present invention, the 
nonmagnetic metallic material is NiP and the P content of 
the NiP is in the range of 11 mass percent to 14 mass 
percent. This gap layer 22 is nonmagnetic when the gap 
layer is, not heated. Preferably, the P content of the NiP 
is in the range of 12.5 mass percent to 14 mass percent in 
order to maintain a nonmagnetic state in the gap layer 22 at 
temperatures of 200° C or more. The gap layer may be 
composed of a single NiP layer or a laminate of a NiP 
sublayer and a nonmagnetic metal sublayer. The gap layer 22 
has a height of, for example, approximately 0.2 pm. 

The upper magnetic pole layer 35 which is magnetically 
coupled with an upper core layer 26 (described below) is 
formed on the gap layer 22 by plating. The upper magnetic 
pole layer 3 5 and the upper core layer 26 may be formed of 
the same material or different materials. The upper 
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magnetic pole layer 35 may have a single-layer or multilayer 
configuration. The upper magnetic pole layer 35 has a 
height of, for example, 2.4 \xm to 2.7 \*m. 

Since the gap layer 22 is formed of metallic NiP , the 
lower magnetic pole layer 21, the gap layer 22, and the 
upper magnetic pole layer 35 can be continuously formed by 
plating . 

In the present invention, the configuration of 
recording core 24 is not limited to the above triple-layer 
configuration. For example, the recording core 24 may have 
a double-layer configuration including the gap layer 22 and 
the upper magnetic pole layer 35. 

As described above, both the lower magnetic pole layer 
21 and the upper magnetic pole layer 35 may be formed of the 
same material as or different materials from that of the 
corresponding core layer. However, it is preferable, in 
order to improve recording density, that the lower magnetic 
pole layer 21 and the upper magnetic pole layer 35 
sandwiching the gap layer 22 have saturation magnetic flux 
densities which are higher than those of the corresponding 
core layers magnetically coupled therewith. In such a case, 
the recording magnetic field is concentrated in the vicinity 
of the gap, improving the recording density. 

As shown in Fig. 2, the recording core 24 has a length 
LI in the height direction (the Y direction in the drawing) 
from the face opposing the recording medium (ABS). 

A coil layer 29 having a spiral pattern is formed 


behind the recording core 24 in the height direction (the Y 
direction in the drawing) on an insulating underlayer 2 8 
which is provided on the lower core layer 20. Preferably, 
the insulating underlayer 28 is formed of at least one 
insulating material selected from AlO, A1 2 0 3 , Si0 2 , Ta 2 O s , 
TiO, A1N, AlSiN, TiN, SiN, Si 3 N 4 , NiO, WO, W0 3 , BN, CrN, and 
SiON. 

The gaps between conductive sections of the spiral coil 
layer 29 are filled with an insulating layer 30. Preferably, 
the insulating layers 30 is formed of at least one 
insulating material selected from AlO, A1 2 0 3 , Si0 2 , Ta 2 O s , 
TiO, A1N, AlSiN, TiN, SiN, Si 3 N 4 , NiO, WO, W0 3 , BN, CrN, and 
SiON. 

As shown in Figs. 1 and 2, the insulating layer 30 is 
formed so as to surround the recording core 24 and is 
exposed at the face opposing the recording medium at both 
sides of the recording core 24 in the track width direction 
(the X direction in the drawing). 
[0045-46] 

As shown in Fig. 2, an insulating layer 31 composed of 
an organic insulating material such as a resist or polyimide 
is formed on the insulating layers 30. Moreover, a spiral 
second coil layer 33 is formed on the insulating layer 31. 
The second coil layer 33 is covered by an insulating layer 
32 formed of an organic material, such as a resist or 
polyimide. The upper core layer 26, composed of a NiFe 
alloy or the like, is patterned on the insulating layer 32 


by a frame plating process or the like. 

As shown in Fig. 2, the front end 26a of the upper core 
layer 26 is magnetically coupled with the upper magnetic 
pole layer 35, whereas the base 26b of the upper core layer 
26 is magnetically coupled with a bank layer 36 which is 
formed on the lower core layer 20 and which is composed of a 
magnetic material such as a NiFe alloy. The base 2 6b of the 
upper core layer 26 may be directly coupled with the lower 
core layer 20. In such a case, the bank layer 36 is not 
r=% necessary. 

2{ The thin-film magnetic head shown in Fig. 2 has two 

Jv coil layers. The thin-film magnetic head in the present 

'C\ invention may have only one coil layer. In such a case, for 

ys example, the rear portion in the height direction of the 

hi recording core 24 on the lower core layer 20 is filled with 

4f the insulating layer 30, and the coil layer is formed on the 

53 insulating layer 30. Alternatively, the upper core layer 26 

may be formed on the insulating layer 31 instead of the 
second coil layer 33. 

The front face 26c of the upper core layer 26 is not 
exposed at the face opposing the recording medium and 
recedes from the face in the height direction (the Y 
direction in the drawing) . This configuration adequately 
.reduces the generation of side fringing, and the resulting 
thin-film magnetic head is suitable for the higher recording 
densities required in future. However, the front face 26c 
of the upper core layer 26 may be exposed at the face 
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opposing the recording medium. Alternatively, as shown in 
Fig. 2, the front face 26c of the upper core layer 26 may be 
slanted or curved so that it gradually recedes in the height 
direction (the Y direction in the drawing) at the upper core 
layer side rather than the lower core layer side. If the 
front face 26c is curved, the curve may be convex or concave. 

Moreover, the front face 26c of the upper core layer 26 
may be curved so as to gradually recede in the height 
direction at both sides in the track width direction. Since 
the corners between the front face 26c and the side faces 
are rounded in this configuration, leakage of the magnetic 
flux between the upper core layer 26 and the upper magnetic 
pole layer 35 is further reduced, thereby further reducing 
side fringing. However, the front face 26c of the upper 
core layer 26 may be parallel to the face opposing the 
recording medium. 

As shown in Fig . 1 , the width of the upper core layer 
26 in the track width direction is larger than the width of 
the upper magnetic pole layer 35 at the junction 
therebetween. Thus, the magnetic flux effectively flows 
from the upper core layer 26 towards the upper magnetic pole 
layer 35, thereby improving recording characteristics. 

Preferably, the width of the upper core layer 26 in the 
track width direction at the junction between the upper core 
layer 26 and the recording core 24 is 2 to 2.5 times the 
width of the recording core 24 in the track width direction. 
With this configuration, the upper core layer 26 can be 
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precisely deposited on the upper face of the recording core 
24. Thus, the magnetic flux from the upper core layer 26 
effectively flows to the upper magnetic pole layer 35. 

With reference to Fig. 3 which shows a second 
embodiment of the thin-film magnetic head in accordance with 
the present invention, the recording core 24 may be composed 
of the gap layer 22, directly formed on the lower core layer 
20 by plating, and the upper magnetic pole layer 35. 

Fig. 4 is a partial cross-sectional view of a thin-film 
magnetic head ,in accordance with a third embodiment of the 
present invention. A gap-depth-defining insulating layer 27 
(hereinafter referred to as a Gd-defining insulating layer 
27) composed of, for example, a resist is formed on the 
lower core layer 20. The Gd-defining insulating layer 27 
has a curved surface. The rear ends of the lower magnetic 
pole layer 21 and the gap layer 2 2 in the height direction 
are in contact with the curved surface of the Gd-defining 
insulating layer 27. Furthermore, the upper magnetic pole 
layer 35 extends to the curved surface of the Gd-defining 
insulating layer 27. 

Also, in this embodiment, the gap layer 22 is formed on 
the lower magnetic pole layer 21 by plating using a specific 
nonmagnetic metallic material, i.e., NiP having a specific P 
content in the range of 11 mass percent to 14 mass percent. 
Thus, the gap layer 22 is nonmagnetic when the gap layer 22 
is not heated. In particular, at a P content in the range 
of 12.5 mass percent to 14 mass percent, the gap layer 22 is 


still nonmagnetic even when the gap layer 22 is heated to 
temperatures of 200° C or more. 

The height h2 of the upper magnetic pole layer 35 is in 
the range of 1.4 \xm to 1.7 jxm on the Gd-def ining insulating 
layer 27. 

The upper magnetic pole layer 3 5 formed on the Gd- 
defining insulating layer 27 has an increased length LI and 
therefore has a large volume. Since the magnetic saturation 
of the upper magnetic pole layer 35 is reduced in higher 
density recording, recording characteristics are improved. 

The length L2 from the front face of the Gd- defining 
insulating layer 27 to the face opposing to the recording 
medium defines the gap depth Gd. Since the gap depth Gd 
significantly affects the electrical characteristics of the 
thin-film magnetic head, the gap depth Gd is set to a 
predetermined length . 

In the embodiment shown in Fig. 4, the gap depth Gd is 
determined by the position of the Gd- defining insulating 
layer 27 on the lower core layer 20. 

Fig. 5 is a partial cross-sectional view of a thin-film 
magnetic head in accordance with a fourth embodiment of the 
present invention. The left face of this thin-film magnetic 
head is a face opposing a recording medium. In this 
embodiment, a gap layer 41 is formed on a lower core layer 
40 by plating using a specific nonmagnetic metallic material, 
i.e., NiP having a specific P content in the range of 11 
mass percent to 14 mass percent. Thus, the gap layer 22 is 
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nonmagnetic when the gap layer 22 is not heated. In 
particular, at a P content in the range of 12.5 mass percent 
to 14 mass percent, the gap layer 22 is still nonmagnetic 
even when the gap layer 22 is heated to temperatures of 
200° C or more . 

A spiral coil layer 43 is formed by patterning on an 
insulating layer 42 of polyimide or a resist material 
provided on the gap layer 41. The coil layer 4 3 is composed 
of a nonmagnetic conductive material having low resistance 
such as copper. 

The coil layer 4 3 is surrounded by an insulating layer 
44 formed of polyimide or a resist material. An upper core 
layer 4 5 composed of a soft magnetic material is formed on 
the insulating layer 44. 

The front end 4 5a of the upper core layer 45 lies on 
the lower core layer 40 provided with the gap layer 41 
therebetween at the face opposing the recording medium to 
define a magnetic gap having a gap length Gil. The base 45b 
of the upper core layer 4 5 is magnetically coupled with the 
lower core layer 40. 

When the saturation magnetic flux density Ms of the 
lower core layer 4 0 is lower than the saturation magnetic 
flux density Ms of the upper core layer 45, writing density 
of signals onto a recording medium is enhanced by 
magnetization reversion of the leakage magnetic field 
between the lower core layer 40 and the upper core layer 45, 
although it is preferable that the saturation magnetic flux 


density Ms of the lower core layer 40 be high. 

Figs. 6 to 11 show a series of steps illustrating a 
method for making the thin-film magnetic head shown in Figs. 
1 and 2. 

With reference to Fig. 6, a resist layer 51 is applied 
onto the lower core layer 20. The resist layer 51 has a 
thickness H3 which is larger than the thickness HI of the 
recording core 24 in the thin-film magnetic head shown in 
Fig. 1. 

«. A groove 51a is formed in the resist layer 51 by 

exposure and then development. The groove 51a has a 

**} predetermined length from the face opposing the recording 
medium in the height direction (the Y direction in the 
drawing) and a predetermined width in the track width 

O direction (the X direction in the drawing). The recording 

= F3 

Q core 24 is formed in the groove 51a. 

fg As shown in Fig. 4, the recording core 24 consists of 

the lower magnetic pole layer 21, the gap layer 22, and the 
upper magnetic pole layer 35, which are continuously formed 
on the plating underlayer 25 by plating. 

In the present invention, the gap layer 22 is formed of 
a specific nonmagnetic metallic material, that is, NiP in 
which the P content of the NiP is in the range of 11 mass 
percent to 14 mass percent. This gap layer 22 is 
nonmagnetic when the gap layer is not heated. Preferably, 
the P content of the NiP is in the range of 12.5 mass 
percent to 14 mass percent in order to maintain the 
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nonmagnetic state of the gap layer 22 at temperatures of 
200° C or more. 

In this embodiment, the lower magnetic pole layer 21 is 
formed by an electrolytic plating process using a pulsed 
current. In this case, the total charge supply (current) 
can be reduced while the charge supply per second is 
maximized during the formation of the lower magnetic pole 
layer 21. Thus, the supplied pulsed current is so large 
that the current density in the groove 51a is uniform, but 
does not scorch the plated layer. Accordingly, the 
resulting lower magnetic pole layer 21 has a substantially 
flat surface. 

Also, the lower core layer 20, the gap layer 22, the 
upper magnetic pole layer 35, the coil layer 29, and the 
upper core layer 26 may be formed by an electrolytic plating 
process using a pulsed current. 

The layer configuration of the recording core 24 formed 
in the groove 51a is not limited to the above triple-layer 
configuration, and may be any configuration as long as the 
following conditions are met . That is , the recording core 
24 includes the lower magnetic pole layer 21 which connects 
to the lower core layer 20 and/or the upper magnetic pole 
layer 35 which connects to the upper core layer 26; and the 
gap layer 22 lies between either the upper core layer 26 or 
the lower core layer 20 and the corresponding magnetic pole 
layer, or between the lower magnetic pole layer 21 and the 
upper magnetic pole layer 35. 
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With reference to Fig. 6 again, a cavity 51b is formed 
at the rear end (in the height direction) of the resist 
layer 51 by exposure and development. The bank layer 36 is 
formed in the cavity 51b, which is formed of a magnetic 
material, as shown in Fig. 7. 

In the step shown in Fig. 7, the resist layer 51 has 
been removed. The recording core 2 4 is on the lower core 
layer 20 in the vicinity of the ABS, while the bank layer 36 
is formed on the lower core layer 20 at a position distant 
„ from the recording core 24 in the height direction. 
2 Both sides (in the X direction in the drawing) of the 

recording core 24 shown in Fig. 7 may be etched by ion 
milling from the track width direction to reduce the width 
On of the recording core 24. The width (in the X direction) of 
Q the recording core 2 4 after the ion milling defines the 
O track width Tw. The ion milling also etches the upper faces 
rj of the lower core layer 20 extending in the track width 
direction (the X direction in the drawing) from the base 
ends to form the slanting upper faces on the lower core 
layer 20. 

In the step shown in Fig. 8, the insulating underlayer 
28 composed of an insulating material is formed over the 
recording core 24, the lower core layer 20, and the bank 
layer 36 in the height direction by sputtering. Then, the 
coil layer 29 is formed on the insulating underlayer 28 by 
patterning. The upper face of the coil layer 29 may be 
lower than a junction face 24a of the recording core 24 
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shown in Fig. 10. 

In the step shown in Fig. 9, the coil layer 29 is 
covered with the insulating layer 30. The recording core 24 
and the bank layer 36 are also covered by the insulating 
layer 30. In this embodiment, the insulating layer 30 is 
formed by sputtering using an inorganic material. 
Preferably, the inorganic material comprises at least one 
selected from A1 2 0 3 , SiN, and Si0 2 . 

With reference to Fig. 10, the surface of the 
^ insulating layer 30 is polished by a chemical-mechanical 
£ polishing (CMP) technology or the like to line B-B in order 
yl to expose the surface of the recording core 24 and the 
^1 surface of the coil layer 29. The surface of the coil layer 
ffl 29 might not be exposed at the face which is flush with the 

O surface of the insulating layer 30. The surface of the 

in 

O insulating layer 30 is planarized and is flush with the 

q junction face 24a of the recording core 24. 

With reference to Fig. 11, the spiral second coil layer 
33 is formed on the insulating layer 31 provided on the 
insulating layer 30 by patterning. The first coil layer 29 
and the second coil layer 33 are electrically connected to 
each other at the coil centers. The second coil layer 33 is 
covered with the insulating layer 32 formed of an organic 
insulating material, such as a resist or polyimide. The 
upper core layer 26 is patterned on the insulating layer 32 
by a known process such as a frame plating process. The 
upper core layer 26 is formed so as to come into contact 


- 20 - 


with the junction face 24a of the recording core 24 and to 
be magnetically coupled with the bank layer 36 formed on the 
base 26b of the lower core layer 20. 

Figs. 12 to 15 show a series of steps illustrating 
another embodiment of the method for making the thin- film 
magnetic head in accordance with the present invention. 

With reference to Fig. 12, the insulating layer 30 is 
formed on the plating under layer 25 provided on the lower 
core layer 20. The insulating layer 30 is formed of at 
least one insulating material selected from AlO, A1 2 0 3 , Si0 2 , 
Ta 2 C> 5 , TiO, Ti0 2 , Ti 2 0 3 , A1N, AlSiN, TiN, SiN, Si 3 N 4 , NiO, 
Ni 3 0 4 , Ni 2 0 3# WO, W0 2 , W 2 O s , W0 3 , BN, and CrN. The insulating 
layer 30 has a single-layer or multi-layer configuration and 
is formed by a sputtering or deposition process. 

The insulating layer 30 has a thickness in the range of 
approximately 1.0 to 4.0 \xm* A resist material is applied 
onto the insulating layer 30 by a spin coating process or 
the like, is exposed, is developed, and is anisotropically 
etched to form a groove 30a substantially having the track 
width Tw and a cavity 30b in the insulating layer 30, as 
shown in Fig. 13. The width of the groove 30a is generally 
1.0 \xm or less and preferably 0 . 7 \xm or less. The length L 
of the groove 30a is substantially the same as or larger 
than the gap depth of the thin-film magnetic head to be 
formed. 

The anisotropic etching may be, for example, reactive 
ion etching (RIE) . The groove 30a is vertically formed with 


respect to the surface 30c of the insulating layer 30 in the 
Z direction by the anisotropic etching. 

The recording core 24 is formed in the groove 30a. As 
shown in Fig. 14, the recording core 24 consists of the 
lower magnetic pole layer 21, the gap layer 22, and the 
upper magnetic pole layer 3 5 from the bottom. These layers 
are continuously formed on the plating underlayer 25 by 
plating. 

In the present invention, the gap layer 22 is formed of 
a specific nonmagnetic metallic material, that is, NiP in 
which the P content of the NiP is in the range of 11 mass 
percent to 14 mass percent. This gap layer 22 is 
nonmagnetic in an unheated state. Preferably, the P content 
of the NiP is in the range of 12.5 mass percent to 14 mass 
percent in order to maintain the nonmagnetic state of the 
gap layer 22 at temperatures of 200° C or more. 

The layer configuration of the recording core 24 formed 
in the groove 30a is not limited to the above triple- layer 
configuration, and may be any configuration as long as the 
following conditions are met. That is, the recording core 
24 includes the lower magnetic pole layer 21 which connects 
to the lower core layer 20 and/or the upper magnetic pole 
layer 35 which connects to the upper core layer 26; and the 
gap layer 22 lies between either the upper core layer 26 or 
the lower core layer 20 and the corresponding magnetic pole 
layer or between the lower magnetic pole layer 21 and the 
upper magnetic pole layer 35. 
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In this embodiment, the lower magnetic pole layer 21 is 
formed by an electrolytic plating process using a pulsed 
current. In this case, the total charge supply (current) 
can be reduced while the charge supply per second is 
maximized during the formation of the lower magnetic pole 
layer 21. Thus, the supplied pulsed current is so large 
that the current density in the groove 30a is uniform, but 
does not scorch the plated layer. Accordingly, the 
resulting lower magnetic pole layer 21 has a substantially 
flat surface. 

With reference to Fig. 15, a spiral coil layer 60 is 
formed on the insulating layer 30 by patterning. The spiral 
coil layer 60 is covered with the insulating layer 32 
composed of an organic material, such as a resist or 
polyimide. The upper core layer 26 is patterned on the 
insulating layer 32 by a known process such as a frame 
plating process. 

With reference to Fig. 15, the upper core layer 26 
comes into contact with the front end 26a of the recording 
core 24 and is magnetically coupled with the bank layer 36 
formed on the base 26b of the lower core layer 20. 

This embodiment includes only one coil layer 60. 
However, two coil layers may be provided in this embodiment 
by forming another coil layer in the insulating layer 30 by 
patterning, as in the thin-film magnetic head shown in Fig. 
2. 

The lower core layer 20, the gap layer 22, the upper 
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magnetic pole layer 35, the spiral coil layer 60 , and the 
upper core layer 26 may be formed by an electrolytic plating 
process using a pulsed current. 

The P content of the NiP gap layer is measured with an 
X-ray analyzer after the position of the gap layer has been 
determined with a transmission electron microscope and the P 
content was determined by correcting the results with wet 
analysis data. 
Example 

— The relationship between the P content of the NiP 

£ plated layer and the saturation magnetic flux density of the 

H 1 NIP was determined. The results are shown in Fig. 16. 

S 1 At a P content of 11 mass percent or more, the NiP is 

SH nonmagnetic and amorphous when the plated NiP is not heated. 

Q Furthermore, the relationship between the P content of 

Ul 

O the NiP and the saturation magnetic flux density of the NiP 
CO when the plated NiP is heated at 200° C, 240° C, and 300° C was 
determined. The amorphous nonmagnetic NiP is changed into 
crystalline magnetic NiP at a specific P content range. 
According to Fig. 16, at a P content of 12.5 mass percent or 
more, the amorphous nonmagnetic state of the NiP is 
maintained when the NiP is heated to 200° C, 240° C, and 300° C. 

The process of producing the thin-film magnetic head of 
the present invention may include a step of annealing the 
thin-film magnetic head at a temperature of 200° C or more. 
When the P content of the NiP of the gap layer is 12.5 mass 
percent or more, the gap layer maintains the nonmagnetic 
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state after annealing the thin-film magnetic head at a 
temperature of 200° C or more. 

When this annealing step is not employed in the 
production process for the thin-film magnetic head, the 
nonmagnetic state of the NiP of the gap layer is maintained 
when the P content of the NiP is 11 mass percent or more. 

Even if there is an excess P content in the plating 
solution during the plating of, the NiP layer, the P content 
in the resulting NiP layer does not exceed 14 mass percent. 
Thus, the upper limit of the P content of the NiP is 14 mass 
percent when the gap layer is formed of the NiP in the 
present invention. 

The P content of the NiP was measured by the 
inductively coupled plasma (ICP) process in the present 
invention. 

As described above, the P content of the NiP gap layer 
of the thin-film magnetic head in accordance with the 
present invention is controlled to be within the range of 11 
mass percent to 14 mass percent so that the gap layer which 
is unheated is nonmagnetic. When the P content of the NiP 
is in the range of 12.5 mass percent to 14 mass percent, the 
gap layer is still nonmagnetic even after the thin -film 
magnetic head is heated to a temperature exceeding 200° C. 

Accordingly, a leakage magnetic field can be 
effectively generated in the vicinity of the gap layer. 
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